P
HYSICAL INACTIVITY AND OVERweight/obesity are major public health epidemics. 1 More than half of the US population does not meet recommended levels of physical activity, while 65% are overweight or obese, with women being more at risk than men.
1,2 Overweight and obesity continue to substantially increase in the United States and worldwide, affecting women and men of all ages and ethnic groups. 1, 3, 4 Both increased body weight and low levels of physical activity have been shown consistently to be powerful predictors of cardiovascular disease, diabetes, and allcause mortality. [5] [6] [7] [8] [9] [10] Both are also associated with increased prevalence of traditional cardiovascular risk factors and they often occur together. This has led to some controversy over the relative contributions of each to cardiovascular risk. 11 Few studies have directly compared the effects of physical activity and body weight on cardiovascular biomarkers, and these studies have been mostly limited to men [12] [13] [14] [15] or small numbers of women. [16] [17] [18] A previous study examining inflammatory biomarkers in an elderly cohort found an inverse association between physical activity and inflammatory markers, with the association being attenuated after adjust-ing for body mass index (BMI, defined as weight in kilograms divided by the square of height in meters). 19 To provide more information, we measured levels of 11 novel and traditional biomarkers that have been related to cardiovascular risk and may play a role in the development of atherosclerosis (high-sensitivity C-reactive protein [CRP] , fibrinogen, soluble intracellular adhesion molecule 1 [ICAM-1], homocysteine, low-and high-density lipoprotein [LDL and HDL] cholesterol, total cholesterol, apolipoprotein A-1 and B 100 , lipoprotein [a] , and creatinine) in a large cohort of middleaged healthy women. 20, 21 We sought to compare the association of physical activity and BMI, alone and in combination, with these cardiovascular biomarkers.
METHODS

Study Population
Study participants were selected from individuals enrolled in the Women's Health Study, a recently completed randomized, double-blind, placebocontrolled clinical trial of low-dose aspirin and vitamin E in the primary prevention of cardiovascular disease and cancer in 39 876 women followed through February 2005. [22] [23] [24] The study was approved by the institutional review boards of the Brigham and Women's Hospital (Boston, Mass). Participants were apparently healthy female health care professionals, aged 45 years or older, who were free of selfreported cardiovascular disease and cancer at study entry (1992) (1993) (1994) (1995) . Participants gave written informed consent and completed questionnaires at time of enrollment on demographics, medical history, medications, and lifestyle factors. Participants selfreported race/ethnic status in 1 of 6 categories (white, Hispanic, black, Asian/ Pacific Islander, American Indian/ Alaskan Native, and other). Participants also were asked to provide a blood sample, if they were willing; 28 345 (71.1%) did and of these, 546 samples could not be analyzed due to technical limitations. For the purposes of this report, we additionally excluded women with missing BMI or physical activity data (n=543) and missing information on the biomarkers of interest (n = 98), leaving 27 158 women for analysis.
Assessment of BMI and Physical Activity
Self-reported body height and weight were obtained from the baseline questionnaires and used to calculate BMI. 4 Physical activity was assessed by using a questionnaire that has been shown to be valid and reliable, with test-retest correlation of 0.59 in a random sample of nurses from another study. 25, 26 The correlation of physical activity reported on the questionnaires as compared with activity diaries kept for 4 weeks over a year was 0.62. 25, 26 Participants were asked on the questionnaire to estimate the average time per week over the past year spent on 8 groups of recreational activities (walking/hiking, jogging, running, bicycling, aerobic exercise/dance, lap swimming, tennis/squash/racquetball, and lower-intensity exercise) and also to report the number of flights of stairs climbed daily. A metabolic equivalent task (MET) score was assigned to each activity based on the energy cost of that activity (1-MET is equivalent approximately to 1 kcal of energy expended/kg of body weight/hour). We estimated the energy expended on each of the above activities, and summed over all activities to estimate the total energy expended on physical activity (kcal/week).
Inflammatory and Lipid Biomarker Measurements
Blood samples (collected in EDTA) were obtained at the time of enrollment and stored in vapor phase liquid nitrogen (−170°C). In a core laboratory certified by the National Heart, Lung, and Blood Institute/Centers for Disease Control and Prevention Lipid Standardization program, samples were thawed and analyzed for a panel of inflammatory biomarkers. Highsensitivity CRP and lipoprotein (a) were measured using immunoturbidimetric assays on the Hitachi 917 analyzer (Roche Diagnostics, Indianapolis, Ind), using reagents and calibrators from Denka Seiken (Tokyo, Japan). Fibrinogen was measured using an immunoturbidimetric assay (Kamiya Biomedical, Seattle, Wash) and ICAM-1 was measured using an enzyme-linked immunosorbent assay (R & D Systems, Minneapolis, Minn). An enzymatic assay was used to measure homocysteine (Catch Inc, Seattle, Wash). Total, LDL, and HDL cholesterol were assayed directly using reagents from Genzyme Corporation (Cambridge, Mass) and Roche Diagnostics. Apolipoproteins A1 and B 100 were measured using an immunoturbidimetric assay (DiaSorin, Stillwater, Minn). Creatinine was measured by a rate-blanked method that is based on the Jaffé reaction.
Statistical Methods
Statistical analyses were performed using STATA version 8.2 (STATA Corporation, College Station, Tex). We calculated Spearman rank correlation coefficients (r s ) for continuous values of the biomarkers. We used the nonparametric Cuzick extension to the Wilcoxon rank-sum test for trend to compare median biomarker levels across quintiles of physical activity or BMI.
Next, biomarkers were divided into quintiles based on the distribution among women not taking hormone therapy, using guidelines from the Department of Health and Human Services for lipid standardization. 27 The highest quintile cutpoint was then used to define elevated levels of that biomarker for all participants. Associations of physical activity and BMI with elevated biomarker levels were examined using logistic regression models that adjusted for age, race, smoking (never, past, current), systolic blood pressure, diabetes mellitus, postmenopausal status, and hormone therapy. The association of physical activity with biomarkers was examined with and without adjusting for BMI, while models examining the association of BMI with biomarkers were examined with and without adjusting for physical activity. Additional models not including blood pressure or diabetes were also used to examine the associations of physical activity and BMI, since these 2 variables may represent intermediate variables in the causal pathway. Dietary intake of fruits, vegetables, red meat, alcohol use, and multivitamin use were not included in the final logistic regression models because none of these dietary factors or education, geographic location, and income affected the findings.
Finally, we examined the joint associations of physical activity and BMI with elevated biomarker levels. To simplify these analyses, instead of using quintile cutpoints for physical activity and BMI, we now used clinical cutpoints on an a priori basis. Physical activity was categorized into 2 groups (Ն1000 or Ͻ1000 kcal/wk of energy expenditure, or approximately 2.5 hours of moderate-intensity physical activity/week) based on current recommendations from the Centers for Disease Control and Prevention, the American College of Sports Medicine, and the US surgeon general, which recommend a minimum energy expenditure of 30 minutes per day most days of the week or the equivalent of approximately 1000 kcal/wk. 28, 29 BMI was categorized into 3 groups according to the Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults: normal weight (BMI, 18.5-24.9), overweight (BMI, 25.0-29.9), and obese (BMI, Ն30).
4 P values were 2-tailed with a Ͻ.05 level of significance.
RESULTS
The mean age of the participants was 54.7 years (TABLE 1). The prevalence of overweight and obesity was 30.7% and 17.6%, respectively, with the mean BMI being 25.9. For weekly physical activity expenditure, the median level was 601 kcal/wk (interquartile range, 199-1353 kcal/wk). The median levels of biomarkers were as expected for a healthy cohort of middle-aged women.
Physical activity and BMI were only weakly and inversely correlated (r s , −0.10) (TABLE 2). BMI was positively correlated with the inflammatory markers, LDL cholesterol, total cholesterol, and apolipoprotein B 100 , and inversely correlated with HDL cholesterol and apolipoprotein A1. Physical activity was correlated with the biomarkers in the opposite direction of BMI and showed smaller correlations. Homocysteine, lipoprotein (a) and creatinine were only minimally correlated with either physical activity or BMI.
When we examined median levels of the biomarkers (TABLE 3) , lower quintiles of physical activity and higher quin- Abbreviations: Apo A-1, apolipoprotein A-1; Apo B100, apolipoprotein B100; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CRP, C-reactive protein; HDL-C, high-density lipoprotein; ICAM-1, soluble intracellular adhesion molecule 1; LDL-C, low-density lipoprotein; Lp(a), lipoprotein (a). *All pairwise P values Ͻ.05 except for Lp(a) with CRP (P = .15), ICAM-1 (P = .97), HDL-C (P = .80), physical activity (P = .18), and BMI (P = .12).
†Creatinine with Apo A-1 and ICAM-1 had nonsignificant correlations (P = .10 and 0.30, respectively).
tiles of BMI were linearly associated (P for trend Ͻ.001) with adverse levels of nearly all biomarkers in the expected direction, with greater differences in median levels of biomarkers across quintiles of BMI compared with physical activity. For women in the lowest quintile of physical activity, unadjusted median values of biomarkers were higher than those in the highest quintile by 43% for CRP, 5% to 8% for fibrinogen, ICAM-1, homocysteine, LDL cholesterol, and apolipoprotein B 100 , and 3% to 8% lower for HDL cholesterol and apolipoprotein A1, with linear associations for quintiles 2-4. For women in the highest quintile of BMI, median biomarker levels were higher than those in the lowest quintile by 4-fold for CRP, 22% for fibrinogen, 14% for ICAM-1, 5% for homocysteine, 12% for LDL choles- Analyses that did and did not adjust for BMI resulted in only minimal changes in the ORs for physical activity. Similarly, analyses of BMI that did and did not adjust for physical activity also resulted in almost identical find- Abbreviations: Apo A-1, apolipoprotein A-1; Apo B100, apolipoprotein B100; CRP, C-reactive protein; HDL-C, high-density lipoprotein; ICAM-1, soluble intracellular adhesion molecule 1; LDL-C, low-density lipoprotein; Lp(a), lipoprotein (a). SI conversions: to convert LDL, HDL, and total cholesterol to mmol/L, multiply by 0.0259; to convert creatinine to µmol/L, multiply by 88.4. *P values obtained from Cuzick's nonparametric test for trend across ordered groups for median biomarker levels across quintiles of physical activity or BMI.
†Body mass index is calculated as weight in kilograms divided by the square of height in meters.
ings. Excluding systolic blood pressure and diabetes from the multivariable models did not change our findings. We then proceeded to examine the joint associations of physical activity and BMI with biomarker levels using established clinical cutpoints when available (FIGURE). High BMI showed stronger associations with these biomarkers than physical inactivity, but within BMI categories, physical activity was generally associated with more favorable cardiovascular biomarker levels than inactivity. For example, using the reference group of physically active, normal weight (energy expenditure Ն1000 kcal/wk; BMI, 18. (Figure) . By contrast, homocysteine, lipoprotein (a), and creatinine showed weak or nonsignificant associations.
COMMENT
In this cross-sectional analysis of 27 158 healthy women, lower levels of physical activity and higher levels of BMI were Abbreviations: Apo A-1, apolipoprotein A-1; Apo B100, apolipoprotein B100; CRP, C-reactive protein; HDL-C, high-density lipoprotein; ICAM-1, soluble intracellular adhesion molecule 1; LDL-C, low-density lipoprotein; Lp(a), lipoprotein (a). *All data are presented as odds ratios (95% confidence intervals). Elevated biomarker level was defined as the highest quintile of that biomarker in women not taking hormone therapy, with values as follows: CRP 4.2 mg/L, fibrinogen 428 mg/dL, ICAM-1 411 ng/mL, homocysteine 14.0 µmol/L, LDL-C 153.9 mg/dL, HDL-C 61.5 mg/dL, total cholesterol 242 mg/dL, apolipoprotein A-1 160 mg/dL, apolipoprotein B100 126 mg/dL, lipoprotein(a) 45.3 mg/dL, creatinine 0.83 mg/dL. †Obtained from logistic regression analysis that adjusted for age, race, smoking status, systolic blood pressure, diabetes mellitus, menopausal status, and hormone use, with models for physical activity quintiles additionally adjusted for body mass index as a continuous variable and models for body mass index additionally adjusted for physical activity as a continuous variable. ‡Body mass index is calculated as weight in kilograms divided by the square of height in meters.
both independently associated with nearly all inflammatory and lipid biomarkers, with stronger associations seen for BMI compared with physical activity in combined analyses. The strength of the association between BMI and biomarker levels did not noticeably change after adjustment for physical activity, and vice versa. There was no threshold effect but, rather, a linear relationship between physical activity or BMI and cardiovascular biomarkers. These observations suggest that both physical activity and BMI have significant independent associations with inflammatory and lipid factors that may be related to the development of atherosclerosis and cardiovascular disease.
Although we observed greater ORs for cardiovascular biomarkers associated with high BMI compared with physical inactivity, being physically active was associated with more favorable cardiovascular biomarker levels within BMI categories. The most favorable biomarker values were found in women who had an optimal BMI (18.5-24.9) and who met current guidelines for physical activity expenditure (30 min/d of moderate intensity activity most days of the week or a total of 1000 kcal/wk).
The current study examined the combined and separate associations of physical activity and BMI with a comprehensive panel of novel and traditional cardiovascular biomarkers in women. Previous studies have been limited in the sample size of women and the number and variety of biomarkers examined, with most studies focusing on fibrinogen, CRP, or traditional lipids. A recent small study in men that examined fibrinogen, lipids, and other hemostatic factors but not CRP, homocysteine, or ICAM-1, also found that increased body weight was more closely related to adverse risk factors than physical inactivity. 15 Other studies that examined physical activity and body weight have reported significant associations, predominantly with fibrinogen and CRP, 19, [30] [31] [32] [33] with the present analysis extending these findings to a Odds ratios (95% confidence intervals) for women categorized by their physical activity level (active or inactive, Ն or Ͻ1000 kcal/wk) and body mass index (normal weight, overweight, obese [calculated as weight in kilograms divided by the square of height in meters]) were adjusted for age, race, smoking status, systolic blood pressure, diabetes mellitus, menopausal status, and hormone use. All comparisons were with the reference group of normal weight, active women (PϽ.001). The bracketed P values are from serial logistic regression models using as reference the active group within each BMI group to test for the significance of the association of physical inactivity with adverse cardiovascular biomarker levels within each BMI group. Established clinical cutpoints for biomarker levels in women were used when available. Top quintile values were used to define the cutpoints for ICAM-1 and fibrinogen. Cutpoints for apolipoprotein B 100 and A-1 corresponded to top quintile as well as clinical cutpoints.
range of other inflammatory and lipid biomarkers. The magnitude of the association between physical activity and biomarker levels was similar to that seen in previous reports, including those from the National Health and Nutrition Examination Survey 34 and the Cardiovascular Health Study, 19 both of which also found that CRP showed the most striking association with physical activity, compared with other biomarkers such as fibrinogen.
It is well known that increased body weight is associated with inflammatory and lipid biomarkers. Adipose tissue, particularly visceral adipose tissue, is metabolically active, promoting a thrombotic and inflammatory state, 32, 35, 36 as well as an atherogenic lipoprotein state with predominance of high triglycerides and low HDL cholesterol. 37 It is less clear why physical activity would be associated with inflammatory or lipid biomarkers independent of body weight, as our results demonstrate. 38 It has been postulated that physical activity may modulate levels of inflammation both locally by regular muscle movement that may suppress inflammation, and systemically via muscle-derived cytokines or leptin, which may be reduced with physical activity independent of BMI. [38] [39] [40] Physical activity is also associated with improved endothelial function and nitric oxide synthesis and has been recently found to increase endothelial progenitor cell activation and mobilization. 38, 41, 42 There are several limitations of this study. The study was cross-sectional in design, and hence causal relationships cannot be inferred. We only had data on women, although to our knowledge there are no data to suggest substantial sex differences with respect to inflammation and lipids after taking into account menopausal status and hormone use, as we did in our adjusted analyses. While our study included health care professionals who were mostly white, apparently healthy, recruited from a variety of geographic locations across the United States, it is unclear if our results would be applicable to other populations. The data on physical activity and body weight were self-reported. Nonetheless, the physical activity questionnaire that we used has been shown to be reliable and valid in a population such as the one in this study, 25, 26 and reported body weight correlates well with measured body weight. 43 Finally, if physical activity were much less precisely reported than body weight, this might partially account for the stronger associations seen for BMI.
Strengths of the present study include a large number of healthy women participants with comprehensive measurements of both novel and traditional cardiovascular biomarkers. Additionally, detailed information on cardiovascular risk factors was available, allowing for the control for potential confounding by these factors. Finally, few previous studies have examined physical activity and BMI jointly with regard to their influence on cardiovascular biomarkers.
In sum, both lower levels of physical activity and higher levels of BMI were strongly and independently associated with adverse inflammatory and lipid biomarker levels in a large population of healthy women. While BMI showed greater magnitude of association with the biomarkers, a modest level of physical activity (at least 1000 kcal/wk or approximately 2.5 hours of modest physical activity/ week as recommended by guidelines) was significantly associated with more favorable biomarker profiles, even in overweight or obese individuals. However, the most favorable inflammatory and lipid levels were found in women who had at least moderate physical activity levels and were normal weight. With the growing epidemics of overweight/obesity and physical inactivity, which are particularly rising in women and are expected to continue to grow in the 21st century, an optimal prevention strategy for diseases linked to inflammation and lipids, such as cardiovascular disease and diabetes, should emphasize a healthy lifestyle that includes regular physical activity and a healthy diet, which are important for attaining and maintaining an optimal BMI.
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